Intra-articular injections of hyaluronic acid are a valid treatment option for patients with osteoarthritis. Differences in purity, origin, and molecular weight may influence the efficacy and safety of hyaluronic acid products, therefore, we evaluated the safety, efficacy, and duration of improvements following a single intra-articular injection of a low-medium molecular weight hyaluronic acid product of bacterial synthesis, Sinovial" One, on patients with osteoarthritis of the knee. The double-blind study enrolled 21 patients (24 knees) with symptomatic knee osteoarthritis, classified into moderate, severe and very severe osteoarthritis using the Western Ontario and McMaster Universities Osteoarthritis (WOMAC) pain functional Index and the Kellgren and Lawrence scales. At four months there was improvement in measured clinical parameters in 77.6% ofthe 24 treated knees, particularly in patients with moderate and severe osteoarthritis (improvement in 100% and 66.7%, respectively). No local or systemic adverse events were observed. These preliminary findings suggest that Sinovial" One is safe and effective for patients with knee osteoarthritis, providing long-lasting improvement in clinical parameters.
The use of hyaluronicacid (viscosupplementation) is accepted as a safe and valid therapeutic approach in the treatment of the human arthritic knee, where systemic side effects and short-lived therapeutic results may limit the use of analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs), and steroids (1, 2) . Hyaluronic acid, the major component of synovial fluid, is a long chained mucopolysaccharide of the glycosaminoglycan (GAG) family involved in governing the endurance and normal metabolism of joint cartilage (2) . A number of animal models and human studies have shown that intra-articular administration of hyaluronic acid may reduce pain, decrease the consumption of NSAIDs, and improve function by encouraging normalization of cartilage homeostasis and improving the viscoelastic and protective properties of synovial fluid in joints compromised by trauma or degenerative pathology (1, 2) . Two recent systematic reviews and metaanalyses of the efficacy of intra-articular hyaluronic acid for knee osteoarthritis found that, although steroids were more effective in providing immediate pain relief, their effects were short-lived (3), whereas hyaluronic acids reached peak effectiveness at week eight, were more effective than corticosteroids beyond eight weeks of treatment (3) , and had longterm residual effectiveness at 24-26 weeks (3, 4) .
A number of hyaluronic acid preparations with different origins and molecular weights (MW) are available. The ideal MW of hyaluronic acid has been suggested to be in the range of 1000-1200 kDa (5) , and there are indications that intermediate MW (800-1500 kDa) hyaluronic acids are more effective than low MW (500-730 kDa) hyaluronic acids in the symptomatic treatment of knee osteoarthritis, with a similar safety profile (6) . However, although intermediate (low-medium) MW and cross-linked high MW hyaluronic acids appear to be similarly effective (7) , the risk oflocal reactions and symptom flares may be greater with high MW hyaluronic acids (8) .
Furthermore, in addition to the MW, the origin (animal, specifically rooster comb, extraction or bacterial synthesis), intermolecular links (crosslinked or non-linked), degree of purity, spatial molecular shape (linear or spherical), concentration and quantity of the individual dose, and the possible concurrent presence of two molecules with different MWs may influence the activity, efficacy, and safety of hyaluronic acids.
Sinovial" One 2% (50 mg hyaluronic acid per 2.5 mL) is a new long-acting formulation of an intermediate (low-medium) MW hyaluronic acid of bacterial synthesis, which may be less likely to cause acute allergic reactions that can be encountered with hyaluronic acids of animal extraction origin. Sinovial" One is administered as a single injection per cycle of treatment, rather than weekly administration for 3 or 3-5 weeks, as required with conventional intra-articular formulations of hyaluronic acid. This simple and convenient dosage schedule may contribute to improved patient acceptance.
The objective of this preliminary study is to evaluate the safety, efficacy and duration ofthe effects of a single intra-articular injection of Sinovial" One in patients with symptomatic knee arthritis.
MATERIALS AND METHODS
This was an open label, double-blind, single center study of 21 adult patients (13 women and 8 men, for a total of 24 knees) with symptomatic knee osteoarthritis, treated with a single intra-articular injection of Sinovial" One. To ensure blinding, the clinical evaluation of the patients was performed by a physician who was unaware of the substance used, and the operator was unaware of the clinical conditions of the patient. Nor were patients informed as to the nature of the injected product. The study was conducted in accordance with the principles of good clinical practice and the Declaration of Helsinki, and written informed consent was obtained from all participants.
Patients were classified according to the Western Ontario and McMaster Universities Osteoarthritis (WOMAC) index (9) and the Kellgren and Lawrence X-ray scale (10) to determine eligibility and establish baseline clinical and radiological parameters. Sinovial" One was administered in accordance with the manufacturer's recommendation as a single dose injection of2.5 mL (50 mg). To ensure optimal distribution within the joint, following administration of a local anesthetic (mepivacaine 2%), the hyaluronic acid was injected into two different sites; a lateral site (25 mg; half a syringe) between the between the upper third and the middle third of the patella, and the remainder (25 mg) into a frontmedial site between the medial femur condyle and tibial plate. In the presence of any joint effusion, arthrocentesis was performed prior to injection of the hyaluronic acid.
Inclusion and exclusion criteria
Adult patients who had the main pathology of knee osteoarthritis were eligible for the study. The exclusion criteria included: use ofgeneral corticosteroids or systemic slow acting drugs for osteoarthritis (glucosamine, etc.) within the previous 3 months; a systemic active sepsis or inflammatory condition; a septic knee arthritis within the previous 3 months; inflammatory arthritis (rheumatoid, rheumatic, and infective); metabolic diseases affecting the joints (gout, etc.); and intra-articular injections of corticosteroids or hyaluronic acids in the past 3 months.
Outcome measures
The study comprised three main objectives, the first being to assess the efficacy of the drug in knee arthritis, the second to assess the safety, and the third to evaluate the duration time of improvements obtained. Data were evaluated for total WOMAC score (the mean of pain score 0-20, stiffness score 0-8, physical function 0-68); the total score of WOMAC ranges from 0 to 96. A 0-10 cm VAS scale was used.
In the secondary outcomes, improvements were evaluated by extrapolating five parameters out of the total WOMAC scale: I) lack of pain at rest; 2) painless walking distance increase; 3) joint range increase; 4) walking up stairs, and 5) walking down stairs. These parameters were given a grading scale from 0 to 4, with 0 representing the highest degree of improvement and 4 meaning a complete lack of improvement; the score ranges from 0 (best result) to 20 (worst result).
The patients were evaluated according to the Bellamy criteria (2002) which integrate the pain Visual Analogue Scale (VAS) as well as the WOMAC score (II). In order to facilitate a better and more objective comparison with the baseline data, the final results were evaluated according to the same WOMAC parameters as those used to divide the patients into osteoarthritis severity groups. Patients were assessed clinically at 30, 60, 90, and 120 days. We analyzed the safety, the efficacy and the duration of the clinical benefits during and after the infiltration of Sinovial" One.
Statistical analysis
Statistical analysis to determine the variation of the clinical outcome was performed using the Student t-test applied to the WOMAC and VAS values at baseline, and at 30, 90, and 120 days after treatment. The percentage variation between VAS and WOMAC values before and after infiltration of Sinovial" One were also assessed as follows: tlV% = 100·(V4-VO)/vO, where VO is the mean of the index in the group pre-treatment and V4 the mean of the index in the post-treatment group after 4 months.
RESULTS
Of the 21 patients included in the study, three were treated bilaterally, for a total of 24 knees. Baseline demo graphical and clinical characteristics are presented in Table 1 .
The patients were divided into three groups according to knee osteoarthritis severity (Table  II) : Group A, moderate arthritis (16 knees), with a Kellgren and Lawrence Grade II-III and a total WOMAC score between 0 and 15, mean 8.8. Group B, severe arthritis (6 knees), with a Kellgren and Lawrence Grade III and a total WOMAC score between 16 and 31, mean 21.8. Group C, very severe arthritis (2 Knees), with a Kellgren and Lawrence Grade IV and a Total WOMAC score between 38 and 42, mean 40.
Overall, the majority of patients were overweight or obese, almost all had significant comorbidities and/ or had undergone surgical procedures for a range of coexisting conditions. Only five patients undertook regular sporting activities, and their occupational backgrounds covered a range from sedentary (office workers) to energetic (farmer, bricklayer). Nine patients had synovial effusion.
Efficacy VAS and WOMAC scores improved after a single administration of Sinovial" One, with an overall improvement in measured clinical parameters in 77.6% of treated knees (n = 24). Improvement was observed in 100% of treated knees in patients with moderate osteoarthritis, 66.7% in patients with severe osteoarthritis, and 66.25% in patients with very severe osteoarthritis (Table I) . A steady and durable decline in WOMAC and VAS scores occurred over time (Fig. 1) . This was apparent even in patients with very severe knee osteoarthritis. Furthermore, NSAID consumption decreased in all groups during the study.
Secondary efficacy outcomes
All treated patients with moderate osteoarthritis (16 knees; Group A) reported substantial improvements in symptoms after treatment. The mean symptoms score, assessed on the 5-item subscale extrapolated from the WOMAC index, decreased from 5 at baseline to 0 after treatment. Also the VAS score decreased from 5.4 to 3. Specifically, all patients with moderate arthritis reported absence of pain at rest, walked more easily and for a longer distance, acquired a greater joint range, and walked up or down stairs more easily. These 5 parameters decreased from 5 to O.
Similar improvements were seen in Group B (patients with severe arthritis; 6 knees), with a decrease in mean symptoms score from 9 to 3. A similar result was obtained in WOMAC index from 21.8 to 11.5 and in VAS score from 6.3 to 4.1. Finally, patients with very severe arthritis (Group C; 2 knees) also had improvements in symptoms after injection with Sinovial" One, with a decrease in mean symptoms score from 15 to 7. This improvement was confirmed by WOMAC score (from 40 to 24) and VAS score (from 5.9 to 3).
Duration a/improvements
Mean values of VAS and WOMAC continued to decrease over time in the 21 patients available for follow-up at 120 days. The percentage variation between baseline (pretreatment) and 120 days was approximately -43% ( Fig. 1) . We also compared mean WOMAC and VAS values in patients with moderate arthritis versus severe arthritis. In this case the percentage variation between baseline and 120 days was approximately -46%.
Safety
Sinovial'" One was well tolerated. There were no reports of local or systemic allergic reactions, and there were no general or systemic adverse events, joint effusions, or hemorrhagic complications at injection points. Concomitant anticoagulant therapy, administered to some patients, did not interfere with the therapy.
DISCUSSION
Although the small number of subjects (21 patients, 24 knees) does not allow us to arrive at definitive conclusions, Sinovial" One was well tolerated in these patients with knee arthritis and there were positive indications of efficacy. Furthermore, our thorough and methodical approach to recording patient clinical characteristics, physical and occupational activities, and response to treatment allows some conclusions to be drawn. Benefits in pain relief were observed in all patients, with improvements in the ease and distance of walking, greater autonomy, increases in knee joint movement, and decreases in NSAID consumption. We were able to observe that occupation, even heavy work such as bricklaying or farming, seemed to have a negligible effect on the benefits of treatment and the duration of improvements obtained. Inaddition, although 87.5% of patients were overweight or obese, this did not appear to influence the results, although this condition would be considered an important risk factor for the progression of osteoarthritis. The benefits of treatment were sustained, with an improvement still apparent in 77.6% of treated knees four months after the single administration of Sinovial" One.
Patients with very severe osteoarthritis are normally excluded from clinical research. However, our study included a small number of such patients, and benefits were observed even in these patients.
The treatment was very well tolerated, with no reports of adverse side effects, even in subjects consuming concomitant anticoagulants, indicating that the hyaluronic acid formulation utilized in the study was very safe. No local complications were observed after injection, such as pseudoseptic reactions or severe acute inflammatory reactions, which have been reported with a cross-linked high MW hyaluronic acid (12) . We feel this can be explained by the source of Sinovial" One, which is a highly-purified product of bacterial synthesis, rather than a hyaluronic acid of animal extraction more likely to cause general and local allergic reactions in subjects sensitive to bird proteins or who suffer from other allergies. Furthermore, we found the simplified dosage schedule convenient to administer.
Our study has some limitations, in particular the small number of patients, lack of a control group, and a follow-up limited to 4 months. However, our proposal will be to evaluate all 21 patients at 6 months.
In conclusion, our preliminary findings suggest that the three main objectives of the study were achieved, and that a single intra-articular injection of Sinovial" One is safe, effective and associated with a prolonged duration of activity in the arthritic knee. Additional larger, controlled studies with a longer follow-up appear warranted to confirm these findings.
